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(Z. Guo).Abstract xLi2MnO3  (1x)LiNi0.4Co0.2Mn0.4O2(x¼0.5) powders were synthesized from co-pre-
cipitated spherical metal carbonate, Ni0.2Co0.1Mn0.533(CO3)x. It has been found that the prepara-
tion of metal carbonate was signiﬁcantly dependent on synthetic conditions, including the co-
precipitation temperature, kind of precipitator, and stirring speed. The results of SEM showed that
the shape of precursor powders was sphere-like. And the ﬁnal product, Li1.167Ni0.2Co0.1Mn0.533O2,
was also signiﬁcantly uniform due to the homogeneity of the metal carbonate precursor,
Ni0.2Co0.1Mn0.533(CO3)x,. Li1.167Ni0.2Co0.1Mn0.533O2 has a-NaFeO2 layered structure, as conﬁrmed
by XRD analysis. The average particle size was about 10 mm in diameter and the particle size
distribution was relatively narrow. The results of XRD and chemical analysis showed that the
synthesized Li1.167Ni0.2Co0.1Mn0.533O2 had lower cation mixing and good layered structure, and the
chemical composition is almost Li1.198Ni0.193Co0.103Mn0.537O2. Electrochemical properties during
charge and discharge were discussed. In the voltage range of 2.0–4.8 V, the discharge capacity of
Li1.167Ni0.2Co0.1Mn0.533O2 was 340 mAh/g.
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Since Sony launched Li-ion batteries in the market, extensive
research has been carried out during the last 20 years, and as a
result, the speciﬁc energy has been raised to more than double
[1,2]. Applications of Li-ion batteries in hybrid electric vehicles
(HEVs) and electric vehicles (EVs) are very attractive and they
recently have been tested worldwide to mitigate global warming
[3]. Future applications to such a large-sized device require
larger capacity and better durability of Li-ion batteries [4], and
an increase in the capacity of the cathode material could be very
effective in raising the speciﬁc energy of Li-ion batteries [5,6].
Lithium-rich nickel–manganese–cobalt oxide, xLi2MnO3 
(1x) LiNi0.4Co0.2Mn0.4O2, is a new type of cathode material
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LiNi0.4Co0.2Mn0.4O2 [7]. It has been considered as a Li-rich
layered material, which exhibits a high discharge capacity of
more than 200 mAh/g when operating in condition above
4.6 V [2]. However, the co-precipitation of spherical metal
carbonate has not been reported systematically [8–10]. In this
study, co-precipitation of metal carbonate was studied and the
proper synthesized condition was found.2. Experimental
The spherical Ni0.2Co0.1Mn0.533(CO3)x was prepared as fol-
lows. An aqueous solution of NiSO4, CoSO4 and MnSO4
(cationic ratio of Ni:Co:Mn¼0.2:0.1:0.533) with a concentra-
tion of 0.5 mol/L (Solution 1) was pumped into continuous
stirred tank reactor (CSTR, capacity 1 L) under Argon atmo-
sphere. At the same time, NH4HCO3, (NH4)2CO3, or Na2CO3
solution of 0.5 mol/L (Solution 2) was also fed into the
reactor. The addition of both Solution 1 and Solution 2 was
carefully controlled to keep the pH of the solution stable in the
reactor. The concentration of the solution, temperature, and
stirring speed of the mixture in the reactor were controlled
with care. The reaction time was 12 h, in order to change
the irregular primary particles to sphere-like particles. Then,
the spherical Ni0.2Co0.1Mn0.533(CO3)x particles were ﬁltered,
washed and dried. In this study, nine samples with different
reaction temperature, precipitator, stirring speed were pre-
pared, as listed in Table 1.
The obtained precursor was calcined at 500 1C for 5 h and
Li2CO3 was mixed thoroughly. Finally, the mixture wasTable 1 Synthetic conditions of Ni0.2Co0.1Mn0.533(CO3)x
powders.
Sample Temperature (1C) Precipitator Stirring
speed (rpm)
S1 40 (NH4)2CO3 1000
S2 50 (NH4)2CO3 1000
S3 60 (NH4)2CO3 1000
S4 60 NH4HCO3 700
S5 60 (NH4)2CO3 700
S6 60 Na2CO3 700
S7 60 NH4HCO3 400
S8 60 NH4HCO3 700
S9 60 NH4HCO3 1000
Fig. 1 SEM images of Li1.167Ni0.2Co0.1Mn0.533O2 sample calcined
(a) 40 1C (S1), (b) 50 1C (S2), (c) 60 1C (S3).calcined at 900 1C for 10 h in air to obtain spherical Li1.167
Ni0.2Co0.1Mn0.533O2 powders.
Powder X-ray diffraction (XRD, Philips, Holland) employ-
ing Cu Ka was used to identify the crystalline phase of the
prepared powders. The collected intensity data of XRD were
analyzed by Rietveld reﬁnement program, Fullprof 2000. The
prepared powders were also studied using scanning electron
microscopy (SEM, XL 30S-FEG, FEI Co., 10 kV). Charge–
discharge tests were performed with a current density of
15 mAh/g at room temperature. The cell consisted of the
cathode and the lithium metal anode separated by the porous
polypropylene ﬁlm. The cathode was prepared by mixing the
cathode material, polyvinylidene ﬂuoride and conductive
carbon black in a weight ratio of 80:10:10. N-methyl pyrrili-
done was used to make the slurry of the mixture. The resulting
slurry was cast onto an Aluminum foil followed by drying at
60 1C for 12 h in the oven. The electrolyte consisted of 1 M
LiPF6 in a mixture of ethylene carbonate (EC) and dimethyl
carbonate (DMC) (1:1, v/v). The coin cell was assembled in an
Argon-ﬁlled glove box. The cells were ﬁrst charged, and then
cycled between 2.0 and 4.8 V.3. Results and discussion
3.1. Effect of co-precipitation temperature
The effect of co-precipitation temperature on particle mor-
phology was investigated under the condition of the precipi-
tator of (NH4)2CO3 and the stirring speed of 1000 rpm.
Fig. 1 shows the morphology of Li1.167Ni0.2Co0.1Mn0.533O2
powders of the samples S1–S3 (different co-precipitation
temperatures). It has been found that as the temperature
increased from 40 1C to 60 1C, the particle dispersivity was
improved dramatically. And the sample prepared under 60 1C
(S3) has better integrity and sphericity than the samples
prepared under lower temperature (S1 and S2). These results
clearly show that the co-precipitation temperature plays a
major role in obtaining spherical carbonate precursors. How-
ever, certain degrees of conglutination were observed in these
three samples, which may be due to other reasonable factors.
3.2. Effect of different kinds of precipitators
The effect of different kinds of precipitators on particle
morphology was also investigated under the condition of co-
precipitation temperature of 60 1C and stirring speed of
700 rpm.at 900 1C for 12 h under various co-precipitation temperatures:
Fig. 2 SEM images of Li1.167Ni0.2Co0.1Mn0.533O2 sample calcined at 900 1C for 12 h under different kinds of precipitators:
(a) NH4HCO3 (S4), (b) (NH4)2CO3 (S5), (c) (NH4)2CO3 (S6).
Fig. 3 SEM images of Li1.167Ni0.2Co0.1Mn0.533O2 sample calcined at 900 1C for 12 h under different stirring speeds: (a) 400 rpm (S7),
(b) 700 rpm (S8), (c) 1000 rpm (S9).
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powders of S4–S6 (different kinds of precipitators). From
Fig. 2, it can be clearly seen that the different kinds of
precipitators affected the integrity and sphericity of the
powders signiﬁcantly. The particle size prepared with
NH4HCO3 (S4) was more uniform and with less conglutina-
tion. This may be due to the synergy of chelating agent of
NH4
þ and pH value. In the carbonate precipitation system,
lower pH value and proper concentration of NH4
þ are often
needed, which means that the formation of the small sized
secondary particles from an agglomeration of primary parti-
cles can precipitate at a proper rate.Fig. 4 High magniﬁcation of SEM images of Li1.167Ni0.2Co0.1
Mn0.533O2 (S9).3.3. Effect of stirring speed
The effect of stirring speed on particle morphology was
investigated under the condition of co-precipitation tempera-
ture of 60 1C and precipitator of NH4HCO3 in the present
investigation.
Fig. 3 shows the morphology of Li1.167Ni0.2Co0.1Mn0.533O2
powders of S7–S9 (different stirring speeds). It has been
observed that as the stirring speed increased from 400 to
1000 rpm, the narrow particle size distribution was improved
dramatically. At lower stirring speed, each particle was
composed of ﬁne club-shaped grains, which were pilling
loosely, and even some cracks were observed on the surface
of particles, as shown in Fig. 3(a). However, the spherical
particles of Sample S9 seem to be closely piled spinel primary
particles, as shown in Fig. 4. The secondary particles were
cultivated in the inner wall of reactor and grow smaller,
denser, and more spherical at the higher stirring speed during
the reaction.
With respect to obtaining homogeneous metal carbonate
having narrow particle size distribution and high tap-density,it may be concluded that the co-precipitation temperature,
precipitator, and stirring speed are the critical controlling
factors for the synthesis process in the present investigation.
The experimental results showed that all the nine samples
had a typical hexagonal a-NaFeO2 layered structure (space
group R-3m), as shown in Fig. 5. Splitting of (006)/(102) and
(108)/(110) doublets was clear for all samples, implying the
formation of well ordered layered powders [11].3.4. Electrochemistry of the synthesized
Li1.167Ni0.2Co0.1Mn0.533O2 powders
Fig. 6 shows the cell voltage plotted versus speciﬁc gravimetric
capacity for the charge and discharge of Li1.167Ni0.2Co0.1
Mn0.533O2 between 2.0 and 4.8 V versus Li0. The cathodes
were ﬁrst galvanostatically charged and subsequently dis-
charged by applying a current density of 15 mAh/g at room
temperature. In the voltage range of 2.0–4.8 V, the discharge
Fig. 5 XRD pattern of the obtained Li1.167Ni0.2Co0.1Mn0.533O2
by co-precipitation method, indexed to the parent hexagonal
structure with space group R-3m.
Fig. 6 Charge and discharge curves of Li1.167Ni0.2Co0.1Mn0.533O2.
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ﬁrst charge capacity was 270 mAh/g. However, the ﬁrst charge
capacity was 185 mAh/g, as reported by Shin et al. using sol–
gel method [8]. This means that the t powders with the ﬁne
layered structure can be obtained by co-precipitation method,
and this ﬁne layered structure can still maintain well in the
process of charging and discharging.4. Conclusions
In attempt to synthesize spherical-shaped Li1.167Ni0.2Co0.1
Mn0.533O2 powders, co-precipitation method has been devel-
oped in the present study. The precipitation and growth ofprimary metal carbonate particles could be controlled by the
co-precipitation temperature, precipitator, and stirring speed
during the co-precipitation. After calcination of the carbonate
with Li2CO3 at a high temperature of 900 1C, the ﬁnal
products become much denser. In the voltage range of 2.0–
4.8 V, the discharge capacity of Li1.167Ni0.2Co0.1Mn0.533O2
was 340 mAh/g. This co-precipitation synthesis is an excellent
powder preparation alternative method for high capacity
positive electrode materials to be used in a Li-ion secondary
battery.References
[1] B. Ammundsen, J. DeSilvestro, T. Groutso, et al., Solid state
synthesis and properties of doped LiMnO2 cathode materials,
Materials Research Society Symposium Proceedings 575 (2000)
49–58.
[2] K.M. Shaju, G.V.S. Rao, B.V.R. Chowdari, Layered Li–Mn–M-
oxides as Cathodes for Li-ion batteries: Recent Trends, World
Scientiﬁc Publ. Co. Pte. Ltd., Singapore, 2002.
[3] C. Julien, S. Gastro-Garcia, Lithiated cobaltates for lithium-ion
batteries—structure, morphology and electrochemistry of oxides
grown by solid-state reaction, Journal of Power Sources 97–98
(2001) 290–293.
[4] H.S. Chen, T.N. Cong, W. Yang, et al., Progress in electrical
energy storage system: a critical review, Progress in Natural
Science 19 (2009) 291–312.
[5] H. Omanda, T. Brousse, D.M. Schleich, Limitation of cathode
electrolyte reaction in lithium ion batteries, Journal of Electro-
ceramics 63 (2002) 579–584.
[6] T.A. Eriksson, M.M. Doeff, A study of layered lithium manga-
nese oxide cathode materials, Journal of Power Sources 119
(2003) 145–149.
[7] S.H. Kang, J. Kim, M.E. Stoll, et al., Layered Li(Ni0.5xMn0.5x
M0(2x))O2 (M0 ¼Co, Al, Ti; x¼0, 0.025) cathode materials for Li-
ion rechargeable batteries, Journal of Power Sources 112 (2002)
41–48.
[8] S.S. Shin, Y.K. Sun, K. Amine, Synthesis and electrochemical
properties of Li[Li(12x)/3NixMn(2x)/3] O-2 as cathode mate-
rials for lithium secondary batteries, Journal of Power Sources
112 (2002) 634–638.
[9] J.H. Kim, C.S. Yoon, Y.K. Sun, Structural characterization of Li
Li0.1Ni0.35Mn0.55 O2 cathode material for lithium secondary
batteries, Journal of the Electrochemical Society 150 (2003)
A538–A542.
[10] L.J. Li, X.H. Li, Z.X. Wang, et al., A simple and effective method
to synthesize layered LiNi(0.8)Co(0.1)Mn(0.1)O(2) cathode mate-
rials for lithium ion battery, Powder Technology 206 (2011)
353–357.
[11] Y.A. Jeon, S.K. Kim, Y.S. Kim, et al., A ﬁrst principles
investigation of new cathode materials for advanced lithium
batteries, Journal of Electroceramics 17 (2006) 667–671.
